SUMMARY The value of the high gain, signal averaged electrocardiogram combined with 24 hour electrocardiographic monitoring in the prediction of arrhythmic events was assessed in 159 patients in the first week after myocardial infarction. Eleven patients (7%) suffered arrhythmic events during a mean (SD) of 12 (6) months of follow up (range 2-22, median 13 months). The combination of high gain, signal averaged electrocardiography and 24 hour electrocardiographic monitoring was more accurate than either technique alone or than clinical information collected during admission in predicting these events. The combination identified a high risk group of 13 (8%) patients, with an arrhythmic event rate of 62% and a low risk group with an event rate of2%.
The assessment ofprognosis after myocardial infarction is ofpotential value, both to those judged to be at low risk, who can be reassured and spared further investigation and treatment, and to those at high risk, upon whom diagnostic and therapeutic facilities can be focused. An assessment ofany tendency to cardiac arrhythmias is especially important in patients after myocardial infarction since ventricular arrhythmias have been strongly implicated as an important cause of sudden death in this group.'2 Recently it has been shown that areas of late myocardial depolarisation, which may be a basis for re-entry, can be detected at the body surface by a high gain signal averaged electrocardiogram. 3 As with 24 hour electrocardiographic monitoring, however, the predictive accuracy of the signal averaged electrocardiogram is low, limiting its clinical usefulness. A combination of signal averaged
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Accepted for publication 17 May 198 electrocardiography and 24 hour electrocardiographic monitoring increased the accuracy of arrhythmia prediction. 45 We have therefore carried out a prospective study of a population of consecutive patients with myocardial infarction to confirm and extend these observations. In this study we also considered the value of signal averaged electrocardiogram recordings obtained within the first 72 hours after infarction.
Patients and methods
All patients of < 70 admitted to the hospital between 1 May 1986 and 1 December 1987 as general medical emergencies having sustained a myocardial infarction within the previous 24 hours were seen within 48 hours of admission and considered for inclusion in the study, which was approved by the regional ethics committee. Myocardial infarction was diagnosed when two or more of the following features were present: (a) chest pain suggestive of myocardial ischaemia persisting for at least 20 minutes and unrelieved by glyceryl trinitrate; (b) sequential rise and fall in the plasma concentrations of aspartate 181 182 transaminase, 2-hydroxybutyrate dehydrogenase, and/or creatine kinase with a peak concentration of at least twice the upper limit of the reference range for our laboratory; (c) development of new abnormal Q waves, or persistent ST/T changes suggestive of non-Q wave myocardial infarction. Patients were excluded if they had non-cardiac disease likely to influence mortality, important non-ischaemic cardiac disease, a history of previous cardiac surgery or permanent pacemaker insertion, if they had atrial fibrillation or bundle branch block, if they refused or were unable to attend for follow up. Since this was a long term prognostic study, we also excluded patients who died or had operation within seven days after the onset of myocardial infarction, the usual time of hospital discharge. To ensure that the population studied would be representative of patients admitted to a general hospital with myocardial infarction we excluded patients transferred from other hospitals to the regional cardiothoracic unit. Those with previous infarction were included, as were those with both Q and non-Q wave infarction. (4) within seven days of infarction, previous cardiac surgery (6) , refusal or inability to attend follow up (9) , bundle branch block (7), atrial fibrillation (2), technical problems with the 24 hour electrocardiogram (13) , and administrative problems (10), 159 patients remained who had both signal averaged electrocardiography and 24 hour electrocardiography. The mean (SD) age of this group was 56 (9) years (range 28-70). Twenty per cent were female; there was a history of previous infarction in 14%. Q wave infarction was present in 67% and non-Q wave infarction in 330. The Killip class on admission was I in 88%, II in 8%, III in 3%, and IV in 1 %; the Norris index was > 10 in 7 %.
HIGH GAIN, SIGNAL AVERAGED ELECTROCARDIOGRAPHY
The initial signal averaged electrocardiogram recording was made (mean (SD)) 3(2) days (range 0-10, median 3) after infarction. A late potential, as defined above, was present in 38/159 (24%) of patients. In the reproducibility study, the standard deviation of the differences between the first and second recordings was 4 ms for fQRSD, 2-9 ms for LPD40, and 6-1 ms for RMSV40. The range within which a single measurement could be reproduced (with 95% probability) on a second occasion was thus ± 8 ms for fQRSD, ± 6 ms for LDP40, and ± 12 4V for RMSV40. Of those 58 patients in whom an initial recording was made < 72 hours after infarction and repeated at follow up, nine (82%) of 1 Others have examined the relation between the results of signal averaged electrocardiogram and 24 hour electrocardiographic monitoring. The study of Kanovsky et al was not prospective nor did they evaluate consecutive series of patients with myocardial infarction.'2 They compared two groups of patients referred for invasive investigation-a control group that did not have a history of ventricular tachycardia at a median of eight weeks after myocardial infarction and a group with documented ventricular tachycardia at a median of 46 weeks after infarction. No follow up data on the "control" group was available and so in some of them arrhythmic events could have developed subsequently. The presence ofa late potential (fQRSD > 120 ms and/or RMSV40 < 25 pV), the presence on 24 hour monitoring ofa peak rate for ventricular extrasystoles of > 100 per hour, and the presence of an aneurysm on cineventriculography were independently associated with a history of ventricular tachycardia. There was little improvement in the prediction of arrhythmic events when the results of signal averaged electrocardiography were combined with either those of 24 hour monitoring or contrast ventriculography, but when all three were combined a sensitivity of 81%, a specificity of 90%, and a predictive accuracy of 85% were achieved.
More recently, Kuchar et al4 reported a study that was similar in design to our own. They too found an independent association between the results of signal averaged electrocardiography, 24 hour monitoring (Lown grade), and left ventricular function assessed by radionuclide angiography. The power of the combination of signal averaged electrocardiogram and 24 hour electrocardiographic monitoring in the prediction of arrhythmic events was: sensitivity 65%, specificity 89%, and positive predictive accuracy 32%. A second series has been reported by Gomes et al.' Again the triad of ejection fraction, signal averaged electrocardiogram, and 24 hour electrocardiographic monitoring was assessed in relation to arrhythmic events during follow up, by the system used by Kuchar et al. Table 2 shows that the accuracy of prediction of arrhythmic events was more sensitive but less specific than that reported by Kuchar et al. A further increase in predictive accuracy, from 35% to 50%, was achieved, without loss of sensitivity, by adding ejection fraction data.
In accord with the previous studies we found that the signal averaged electrocardiogram, while acceptably sensitive in predicting arrhythmic events during follow up after myocardial infarction (91 %), had a low positive predictive accuracy (26%), which limits its clinical usefulness. In combination with the 24 hour tape, however, the predictive accuracy is increased considerably, with only moderate loss of sensitivity (table 2) . Of the five patients who had positive results in both tests but have not yet had an arrhythmic event, three have had coronary artery bypass surgery which will have influenced the outcome. Longer follow up may increase the accuracy of this predictive combination even further.
It is not certain why the predictive accuracy of the combination of tape and signal averaged electrocardiogram was higher in our study than it was in those of Kuchar et al and Gomes et al. There were, however, several differences in the three studies. In our study the signal averaged electrocardiogram was performed earlier than in the other two studies, in most cases within the first week and in 44 (28%) cases within the first day after infarction. It is often assumed that, in view of the evidence that there is variability in some of the electrophysiological properties of the myocardium soon after infarction," the signal averaged electrocardiogram will also be labile if recorded soon after infarction. This has not been our experience: there were no more changes between < 72 hours and one month follow up than was reported for a > 1 month and 6 
